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Description 

X-RAY ANODE WITH INCREASED 

COVERAGE 

Background of Invention 

[0001] The present invention relates generally to x-ray tubes and 
more particularly to x-ray tubes for volume computed to- 
mography (CT) protocols. 

[0002] a volume CT scan is typically generated by rotating an x- 
ray tube around an examination area while a subject is 
moved through the examination area. Cardiac screening, 
lung cancer evaluation and other volume CT protocols re- 
quire larger coverage areas. Current technology requires 
lengthy scan times and requires elongated breath hold 
times from a subject in order to image an entire region of 
interest. 

[0003] Several techniques have been applied in order to increase 
coverage of the x-ray anode, thereby reducing scan time 
and improving the subject's comfort level. For example, in 
one technique, x-rays are collimated from a single focal 



spot into two or more planes of radiation. However, the 
planes are not parallel and only a small number of planes 
are generated. Therefore, several revolutions are needed 
to cover any significant volume. 

[0004] Another approach moves the x-ray tube in a circular path, 
with the focal spot of x-rays reciprocating at high speed. 
The focal spot of x-rays moves on a plane of ribbon. 
However, the focal spot is removed from the target, 
meaning it is spaced a distance from the target. Further, 
the focal spot is too big. The result of these two draw- 
backs is a fuzzy image. Yet another approach uses two 
targets and a single source to produce an x-ray fan beam 
having a width of 88 mm. While the width is larger than 
conventional beam widths, which are typically on the or- 
der of 60 mm, the quality of the image becomes compro- 
mised due to distortion of the image. 

[0005] jo avoid image distortion and obtain a high quality image, 
it is necessary to maintain the x-ray beam as flat as pos- 
sible. In the approach that uses an 88 mm width, a true 
flat slice is not taken. The scan helix becomes flattened 
and upon reconstruction of the image using an x-ray that 
is not flat, the image appears distorted. Other approaches 
include a larger diameter anode and a plurality of x-ray 



tubes within a common gantry. 

[0006] There is a need for an x-ray anode that provides a thick 

fan beam for improved coverage at the detector resulting 

in shorter scan times for volume CT applications without 

compromising the quality of the image. 
Summary of Invention 

[0007] The present invention is an x-ray tube anode with two 

targets oriented back-to-back. The targets have separate 
and opposing cathodes. The targets are a fixed distance 
apart and rotate together on the same bearing shaft. The 
cathodes are mounted at either end of the vacuum tube. 
The cathodes may run simultaneously or independently 
based on the CT application. When the cathodes are oper- 
ated simultaneously, the x-ray coverage at the detector 
may be as high as 120mm. 

[0008] it is an object of the present invention to increase the 
coverage of an x-ray anode. It is another object of the 
present invention to provide two anodes in a back- 
to-back orientation, thereby doubling the coverage. It is 
still another object of the present invention to rotate the 
two anodes together to form a true double helical scan 
pattern. 

[0009] other objects and advantages of the present invention will 



become apparent upon reading the following detailed de- 
scription and appended claims, and upon reference to the 

accompanying drawings. 
Brief Description of Drawings 

[0010] For a more complete understanding of this invention, ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying drawings and de- 
scribed below by way of examples of the invention. In the 
drawings: 

[0011] FIGURE 1 is a block diagram of the anode of the present 
invention in a CT application. 

[0012] FIGURE 2 is a cross section of the x-ray tube in one em- 
bodiment of the present invention; and. 

[0013] FIGURE 3 is an example scan pattern for simultaneous op- 
eration of both cathodes according to the present inven- 
tion. 

Detailed Description 

[0014] Referring to Figure 1, there is shown the x-ray tube 10 of 
the present invention on a rotating gantry 12, along with a 
detector 14 as it would be arranged for a volume CT ap- 
plication. While the embodiment shown is for a volume CT 
application and includes two grid detectors, it should be 



noted that it is for example purposes only and one skilled 
in the art is capable of using the x-ray tube 10 in another 
application or substituting detectors and the arrangement 
thereof in a CT application without departing from the 
scope of the present invention. A collimator 16 collimates 
the x-rays from the focal points into planes of radiation. 
The gantry 12 rotates about an axis moving the x-ray 
tube 10 and the detector 14 along with it. 
[0015] Referring to Figure 2 a cross section of the x-ray tube 10 
is shown. The x-ray tube is a vacuum tube and is typically 
surrounded by a shielded casing 18. Within the x-ray 
tube, there are two anodes 20, 22 each having a target 
24, 26. The anodes 20, 22 are rotatably mounted. The 
targets 24, 26 are positioned on the front face of each an- 
ode. The targets 24, 26 are facing away from each other 
in a back-to-back arrangement. Cathodes 28 and 30 gen- 
erate electron beams that are focused at the targets 24, 
26. The heat generated at the anodes 20 and 22 is col- 
lected by storage members 32, 34 mounted to the back 
face of each anode 20, 22. The storage members 32, 24 
are typically of a material that retains heat, such as 
graphite. 

[0016] The back to back arrangement of the targets 24, 26 allows 



each anode 20, 22 to produce an x-ray beam 25 of sub- 
stantial width and still be spaced far enough away from 
each other to double the coverage area and maintain high 
voltage stability. Further, the arrangement provides for 
separate and opposing cathodes to be used for each an- 
ode face, while maintaining a sufficient separation be- 
tween the cathodes to avoid an over abundance of heat 
generated at the anode. The back-to-back arrangement 
of the targets 24 and 26 in conjunction with the individual 
cathodes 28, 30 for each anode maintains a flat x-ray 
beam and will provide a true double helical scan with a 
true image upon reconstruction of the scan. 
[0017] Because the anode arrangement of the present invention 
creates double the heat, a heat sink 36 is positioned be- 
tween the heat storage members 32, 34 mounted to the 
anodes 20, 22 for the purpose of heat dissipation. The 
heat sink 36 is typically copper or some other suitable 
heat conducting material. An oil 42, or other suitable sub- 
stance, is provided in the housing 18 to dissipate the 
heat, shown by a block arrow, carried away by the heat 
sink 36. The heat is dissipated through the heat sink 36 
and the oil 42. Excess heat has caused limitations in prior 
art designs. 



[0018] The present invention is advantageous in that it provides 
double the coverage and still maintains high voltage sta- 
bility. The distance between a cathode and any other part 
should be at least two inches to avoid arcing between 
components. If the distance between the cathode and a 
neighboring part is less than two inches, high voltage sta- 
bility is compromised. The cathode arrangement in the 
present invention maintains the minimum distance to any 
other part of the x-ray tube. 

[0019] The cathodes 28 and 30 of the present invention focus 
the electron beam and traject the electrons onto their re- 
spective target 24 and 26. The targets 24 and 26 direct 
the electron beams through the collimator, creating x-ray 
fan beams. Each beam is on the order of 60 mm in width. 
Therefore, together, the x-ray coverage at the detector 
could be as high as 120 mm without sacrificing the quality 
of the image upon reconstruction. 

[0020] a high voltage controller 40 operates the cathodes 28 and 
30. The cathodes may run independently, or simultane- 
ously, based on the CT application. When the cathodes 28 
and 30 are run simultaneously, the x-ray coverage at the 
detector is on the order of 120 mm. If run independent of 
one another, one cathode provides coverage similar to 



current machines. 

[0021] a fixed distance, or pitch, d, is maintained between the 
targets 24 and 26. The pitch, d, is fixed and is not ad- 
justable. As stated earlier, the distance remains fixed in 
order to maintain the proper distance to the cathode and 
to avoid arcing that compromises high voltage stability. 

[0022] During operation of both cathodes simultaneously, the 

coverage is as follows. Referring to Figure 3, the invention 
will be described as it is used in a volume CT scanning 
application. A subject 100 is positioned in a CT machine, 
not shown, and an area to be imaged 102 is defined. The 
area shown in Figure 3 is divided into twelve tracks, 1 
through 12. There are 12 tracks shown for example pur- 
poses only and in no way should be interpreted as a limi- 
tation of the present invention. 

[0023] The targets, Target 1 and Target 2, rotate about the sub- 
ject as described above and create the scan pattern shown 
in Figure 3. Due to the fixed spacing of the targets, Target 
1 follows a first thread and generates tracks 1, 3, 5, etc. 
Target 2 follows a second thread and generates tracks 4, 
6, 8, and so on. 

[0024] on the first rotation of the anode, the scan generated with 
Target 1 is for tracks 1 and 3. Due to the spacing of the 



targets, track 2 is skipped and track 4 is generated by 
Target 2. In the second rotation, Target 1 will cover tracks 
5 and 7, and Target 2 will cover tracks 6 and 8. The pat- 
tern continues to the end, where the eleventh track is also 
skipped, similar to track 2, due to the spacing of the tar- 
gets. 

[0025] | n another embodiment, the first cathode is not turned on 
until the second rotation of the anode. This will conserve 
the dose of radiation to the subject and avoid any skipped 
tracks. The scan will begin with track 4 using Target 2 and 
Target 1 will be turned on for the second rotation. There- 
fore, the first rotation will cover track 4 using Target 2, 
and the second rotation will cover tracks 5 and 7 using 
Target 1 and tracks 6 and 8 using Target 2. This way none 
of the tracks are skipped and the area to be imaged 104 is 
defined beginning with track 3. 

[0026] The double helical pattern generated during the scan 

doubles the coverage of the x-ray. Typically, the coverage 
is limited to 60 mm without compromising the quality of 
the image. According to the present invention, when both 
cathodes are operational, the coverage is up to 120 mm. 
Unlike other methods that increase the size of the x-ray 
coverage area by compromising the quality of the image, 



the present invention maintains the limit for a quality 
scanned image, and doubles the area. This is accom- 
plished by using two anodes having back-to-back targets. 
Each anode has a separate and opposing cathode. 
[0027] The invention covers all alternatives, modifications, and 
equivalents, as may be included within the spirit and 
scope of the appended claims. 



